ABSTRACT. The skulls of Japanese wolf (Canis hodophilax) were osteometrically examined and compared with those of Akita-Inu. The skull total length was not statistically different between two species. However, significant differences were demonstrated between two species in some ratios concerning the frontal bone. CT examination was carried out in the Japanese wolf skull. The data indicated that the frontal sinus is not be largely developed and compressed in the dorso-ventral direction in parasagittal area. The narrow frontal sinus fitted to external shape of the frontal bone. The cribriform plate had a well-developed complicated structure in a caudal part of the ethmoid bone. These data will be useful to examine the respiratory function and the olfactory sense in the Japanese wolf. -KEY WORDS: Akita-Inu, CT, Japanese wolf, osteometry, skull.
The Japanese wolf (Canis hodophilax TEMMINCK 1839) is one of the extinct species, that has not been recorded since 1905. It is a smaller wolf similar to the Akita breed (AkitaInu) of domesticated dog (Canis familiaris LINNAEUS 1758) in some external morphological characters [1, 11, 12, 20, 23, 24] . Some osteological characters have also been examined in the two animals [1, 6, [11] [12] [13] [14] [16] [17] [18] . However, the skull proportion of the Japanese wolf has not been compared with that of the dog. The frontal bone shape has been considered as a distinct factor of the Japanese wolf [6, 17, 18] . They pointed out that the frontal part is not developed in the Japanese wolf cranium in lateral and rostral aspects. So, it has been expected to compare some skull measurements of the Japanese wolf to those of the AkitaInu, and to confirm the specific osteological characters of frontal bone in each species. In the frontal area, the internal structure such as frontal sinus, cribriform plate, nasal cavity should be examined in size and shape. The CT and three dimensional CT reconstruction methods may be useful for this aim.
MATERIALS AND METHODS

Osteometrical study:
We used all crania and skulls of the Japanese wolf stored in the Department of Zoology of the National Science Museum (Tokyo, Japan), whereas the male specimens larger than 200 mm in the total length were selected from the Akita-Inu collections of the Museum (Table 1) . Recorded biological data of the specimens are arranged in Table 1 . However, unrecorded data of sex were not estimated from two Japanese wolf specimens (M1185 and M26696) in this study. M 100 is a male specimen, so only male specimens were used in the Akita-Inu.
The skulls were measured for 28 items (Table 2) . Most measurements were performed according to the methods of Driesch [2] , while some other items were evaluated as on the image in parasagittal plane. Then, the structure of frontal sinus, cribriform plate, nasal cavity, and inner shape of the frontal bone, nasal bone and maxilla were observed in these sections.
RESULTS
The cranium and mandible of the Japanese wolf and Akita-Inu are shown in Figs. 1-6 . A gentle curve line was observed in the frontal part in the lateral aspects in the Japanese wolf, whereas the dorsal outline rose immediately as a stop in this portion of the Akita-Inu (Figs. 1, 2) . The frontal bone was more developed laterally in the Akita-Inu than in the Japanese wolf (Figs. 3, 4) . The value of measurements in the skulls are given in Table 3 . The interspecies statistical difference was not shown in TL. Some measurement ratios are arranged in Table 4 . Significant differences between the two species were demonstrated in some ratios ( Table 4) .
The frontal sinus could be observed in serial sagittal CT sections of the skull (Fig. 7) . The lateral and the medial parts of the sinus were located between the outer and the inner tables of the frontal bone, and were not largely developed but compressed in the dorso-ventral direction. The narrow frontal sinus fitted to external shape of the undeveloped frontal bone. The osseous septa divided the frontal sinus into some small compartments (Fig. 7A) . The frontal sinus occupied the inner space of the supraorbital process in the most lateral part (Fig. 7D) . The 3D CT reconstruction data is seen in Fig. 8 . We could obviously see the well-developed cribriform plate in a caudal part of the ethmoid bone. The nasal septum and concha were destroyed in large area of nasal cavity.
DISCUSSION
The determination of sex has been discussed and realized in the skull and skeleton of the dog [4, 15, 19] . However, it was impossible to evaluate the sex of M1185 and M26696, because the sexual dimorphism remains unclear in the Japanese wolf. As M 100 is a male specimen, we selected the male skulls of the Akita-Inu collections.
Specimens of the Japanese wolf and Akita-Inu are too rare to destroy for age determination applying the histological method of teeth [8-10, 22]. Although it is not clear if growth curve reach a plateau, we used specimens with all permanent tooth. These could be considered as an adult or subadult skulls [3, 5] . Some reports indicated that many skulls of the Japanese wolf from Tanzawa district vary from 206.4 to 226.0 mm in the total length [11, 14, 17] . We suggest that M 26696 skull may be one of the smallest specimens in adult or subadult animals from Kanto area.
We also dealt with the LCP/BL as the mandibular size factor, because LCP/PL could be calculated in only one specimen, M100. So, the LCP/PL offered a significant difference, although the LCP/BL did not show it. As sample size become larger in the future, we suggest that the significant difference may not be confirmed in the length from condyle process.
The LLM/TL did not show the significant difference between species. It has been pointed out that this ratio and the value of LLM are most larger in the Japanese wolf than in Akita-Inu and these are considerable character in the Japanese wolf [11, 13, 14] . Naora [14] and Miyamoto [11, 12] indicated that LLM/TL varies from 11.5 to 12.1 in Japanese wolf and suggested that this animal may possess the relatively largest M 1 than any other species of Canis. However, it was denied among specimens used in this study, and this result was also consistent with that in LLM/LCP. While, it is suggested that the size variation may be shown between different archeological periods in the Japanese wolf [14] .
The shape data of frontal bone were consistent with those of the former studies [7, 17, 18, 24] . This nonmetrical character has been used as a species identification key [7, 18] . It could be numerized in the interspecies differences of LBS/TL and LBO/TL in this study. We demonstrated that frontal sinus may not be largely developed in the dorsoventral direction in parasagittal area in comparison with the internal shape data of dog skull [5, 25, 26] . Sagittal CT sections could not clarify the structure of the ectoturbinates. However, they may be compressed in shape in accordance with the small frontal sinus. In the ventral region of narrower frontal sinus, complicated structure of the cribriform plate were obviously shown in three dimensional CT reconstruction data. We suggest that the smaller frontal sinus may have an influence on the respiratory function in this animal. The olfactory sense should be discussed in the Japanese wolf from detailed CT data of nasal area in the future.
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